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SUMMARY PAGE
THE PROBLEM

Extensive use of the ballistocardiogram (BCG) as a sensitive screening device
for heart disease, through assessment of myocardial efficiency, has never materialized.
Although many criteria for the diagnosis of heart disease have evolved, considerable
overlap between normals and abnommals has limited their usefullness. A greater knowl-
edge of biologic factors influencing the ballistocardiographic wave form might facilitate
progress in this area,

FINDINGS

Ballistocardiograms were recorded on a large group of healthy men, 42 to 54
years of age. Various anthropometric, laboratory, and personal history factors were
studied to determine how they related to the BCG wave form, Wave amplitudes and
durations were influenced by the factors more than has previously been recognized.

It appears that, until the factors and their interrelationships are more precisely evalu-
ated, the strictly quantitative use of BCG standards derived from groups to determine
such things as stroke volume, among others, must be regarded with caution. The
results seem to indicate that serial BCG's will be necessary for complete evaluation of
an individual's cardiovascular status,
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INTRODUCTION

In 1940 a psychophysiological study of 1056 young Navy flyers was carried out
with successive re-evaluations 12, 17, and 23 years later (1). During the last and the
most comprehensive evaluation distributions and intercorrelations were made witha
wide variety of physical, clinical, and laboratory determinations, including the bal-
listocardiogram (BCG), in 649 of the remaining 815 members of the group (2).

The BCG to date has proven to be less useful in the study of clinical patients
than desired. Perhaps this has been because of the lack of knowledge of factors which
might allow modification of previous empirical clinical judgements regarding the BCG.
Therefore, it seemed worthwhile fo use our body of information as it became available
to relate the wave form of the BCG to a number of selected variables in the hope of
presenting previously unavailable useful information fo those investigators concerned
with the improvement of ballistocardiography.

PROCEDURE
SUBJECTS

Details on the composition of the group, methodology, and tests are available in
previous publications (1,2). Data for the present analyses were obfained during the
1963 re-evaluation and are based only on those men aged 42 to 54 who were essential-
ly free from cardiovascular or related diseases. Subjects were excluded from this
"healthy" population if they were found to have any of the following disorders: coro-
nary heart disease (definite or probable criteria as defined previously) (1); eleciro-
cardiographic abnormality (arrhythmias, bundle branch block, T wave inversion, et
cetera); hypertension (blood pressure exceeding 160 mm Hg systolic or 95 mm Hg
diastolic, or a previous history of hypertension); history of diabetes or glycosuria;
thyroid disease; abnormal vital capacity (less than 3.5 liters); kyphoscoliosis; or chronic
debilitating disease or carcinoma, Of the first 350 men examined, 200 were found fo
meet the criteria imposed and had complete BCG data.

METHODS AND MATERIALS

The ballistocardiograms were obtained in the mid-moming, usually at least two
hours after a glucose load of 100 grams had been given orally. The modified Astro-
Space Laboratories Air-Bearing Bed, weighing 15.75 pounds, was used (Appendix A,
Figure A1), Longitudinal and lateral acceleration fracings were obtained using a
Donner 4310 force-balance linear accelerometer with a full scale output of £15 volis
for a £0.25 g input and a natural frequency of 100 cycles per second. The output of
each accelerometer was passed through a low-pass filter with a comer-frequency of
35 cycles per second and a 6-decibel octave mlloff. Tracings were recorded on a
modified 4-channel direct writer Sanborn 964 at a paper speed of 50 millimeters per




second, The apparatus was calibrated daily, and standardized regularly with 100
pounds of weight and a 10,5-pound pendulum on the bed. The effect of adding weight
is recorded graphically in Figure A2 of Appendix A,

Millimeter amplitudes may be converted to milli~g's as five E\i”imei‘ers equal one

milli-g. OEe milli-g represents 0,001 x 980 centimeters/second” or 0,001 x 32,174
feet/second”.

Simultaneous electrocardiographic lead Il and carotid pulse tracing comprised the
remainder of each record. A carotfid pulse fransducer, Infratron model A, with modi-
fied Infratron model E conirol unit, was used.

The subject was strapped info a hamess with his feet firmly against an adjustable
foot board. After he was relaxed the bed was then balanced on an air cushion. Trac-
ings were obtained during quiet respiration, held inspiration, and held expiration prior
to a final recording in held midexpiration., At least two records were obtained in held
midexpirafion fo reduce the chance of loss of record due fo artifact.

The longitudinal ballistocardiographic records were analyzed using fracings
recorded in the held midexpiration position. These records were measured by a tech-
nician according fo a prescribed protocol, and the results were checked for accuracy
by one of the investigafors, Three consecutive cycles were measured fo the nearest
one-half millimeter (0.01 second on the time line) in an area with stable baseline.
Records were rejected if obvious arfifacts or baseline instability was present.

Wave measurements based on the use of the trough of G as a baseline included:
amplitudes GF, GH, GI, GJ, GK, GL, and GM; durations* Q-H, Q-I, @J, G-H,
J-K, H-L, and P-Q (ECG). The R-R interval, DRR, of the simultaneous electro-
cardiogram was also measured. Other values which were derived from these basic
paramefers were amplitudes HI, HK, HJ, 1J, and durations Q-K, I-J, H-J, G-Q,
H-1, and Q-L (Figure 1).

*All durations hereafter will be preceded by a D to distinguish them from amplitude,
for example, DGH.
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Figure 1

Reproduction of an air bed BCG tracing. [tems labeled are believed (ref. 3)
fo represent posi tions of the cardiac cycle as noted:

G-H = isomefric confraction

H  =opening of aortic valve

H=1 =rapid left venfricular ejection

K-L =blood hitting peripheral circulatory system
L = closing of aorfic valves

L-M = isomefric relaxation

M-N = rapid filling wave
(1t should be noted that part of the above is disputed by some workers. Onset
of isometric contractionsmay precedeH by 0.07 second and onset of left ven-
tricular ejection may precede H by 0.035 second.)

CU = carofid upstroke
CIN =carotid iricisuria

Paper speed 50 mm/sec.




Analyses of measured durations and amplitudes were done by Pearson Product-
Moment correlations. All the originally measured records were not included in the
final analysis because occasionally one item had not been recorded for a parficular
fracing, resulting in rejection of that particular data card,

Each ballistocardiographic measurement was correlated with the other ampli-
tudes and durations listed above (Appendix A, Table Al) as well as with the 25 vari-

ables (2) thought o be of interest:

1. Age
2, Cigarette Amount*
3. Cigarette Years*

4, Systolic Blood Pressure
(Supine, Basal)

5. Pulse Pressure (Supine, Basal)
6. Protein Bound lodine

7. Glucose (2 hr after 100 gm
glucose)*

8. Triglyceride (calculated from
lipoproteins)

9. Cholesterol
10, Vital Capacity
11, Inspiratory Capacity

12, Expiratory Reserve

*Coded values (2)

13.
14,

15,

16,
17,
8.

19.

20,

21,
22,
23,
24,

25,

Transverse Diameter Heart
Cardiothoracic Index

Maximal ST Depression After
Exercise (Max Z aft ex)

Height
Weight
Body Fat

Lean Body Mass

Endomorphy

Mesomorphy
Ectomorphy
Biacromial Diameter
Chest Breadth

Chest AP Diameter



RESULTS

The means, standard deviations, and ranges of the amplitudes and of the durations
of the 200 ballistocardiograms studied are listed in Tables | and I, respectively.

Table |

Ballisfocardiographic Amplitudes (mm)

§fc|ndard

Wave Mean Deviation Range

GF 5.5 3.1 0.6 16,5
GH 7.6 3.9 0.6t0 24.8
Gl 5.0 3.1 15,60 - 4.0
GJ 13.5 5.5 3.5 40.3
GK 3.4 3.0 13.1f0 - 9.8
GL 5.3 3.9 -4,5t0 18,5
GM 1.5 2,6 10.6 o - 5.6
HI 12.6 5.1 3.1 31,1
HJ 5.9 3.6 -l.10  19.8
HK 11.1 5.2 -l.6o 31,6

U 18.5 7.2 6,10 48,9

o



Table 11

Ballistocardiographic Durations (mm)

——— —  — —  — —— ——

Standard - -
Duration Mean Deviation Range
DQG -0.5 1.7 -6.3 o 4.3
DQH 4,7 1.1 1.810 7.6
DQl 8.0 0.8 6.0 11,5
DQJ 12,2 1.4 8.6 10 16,0
DQK 17.8 2,0 10.9 10 24,3
DQL 21.8 2.8 12,3 10 30.1
DPQ 8.3 1.6 4,8 10 12,0
DGH 4,2 1.3 1.0t0 9.1
DHI 3.3 1.0 1.1to 6.3
DHJ 7.4 1.4 3.1 11,3
DHL 17.0 2.8 6.8 1o 25,1
Dl 4.1 1.1 l.6to 7.4
DJK 5.6 1.6 1.8 o 13.3

A composite ballistocardiogram, illustrated in Figure 2, for these middle-aged
healthy men differs slightly from expected in that the amplitude of GH is relatively
high. The composite BCG was drawn from averages and standard deviations obtained in
this series; it does not include deviation of durations, Of interest is the fact that it
would have been considered within normal limits if an adaptaion of Moss' criteria were

followed (4).
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ZERO ORDER CORRELATIONS

Many parameters of the wave form were highly interrelated (Appendix A, Table
Al). The GF complex accounted for more than 50 per cent of the variance in GH,
GJ, and GL; GH was similarly related to GJ, HI, and HK; Gl to 1J; GJ to HIl and
1J; HI 1o HK; and HJ to IJ. A distrubing factor then is likely to affect a multiplicity
of complexes indirectly and cause distortion of several wave form components, for
example, GF disruption will change GH, GJ, and GL. Associations of such magni-
tude were also noted among several of the durations: DQJ to DIJ and DHJ; DGH to
DQG; and DHL o DQK and DQL.

The observations on the ballistocardiographic correlates, though not necessarily
reflecting cause and effect, were considered significant if the associations exceeded
the .05 significance level. Nondirectional significance values for the correlation
coefficients at the .05 and .01 level were .138 and .183,respectively. A number of
correlations very close to the .05 level would have been significant if the easily justi-
fied one-tailed significance values had been used., Further consideration of these
borderline associations in the multiple correlations are of some value. It also must be
remembered that the homogeneity of the study group will limit the magnitude of the
correlations,

PERSONAL HISTORY
Amplitudes (Table I11)

Age related best to GL though not significantly; yet it must be remembered that
the age range in this group of cohorts varied only from 42 o 54 years, somewhat
limiting the strength of any correlations. Interestingly, the amount of cigarettes
smoked was associated with a decrease in GK, whereas years of cigarette smoking was
positively related to GF. Because of the limited age range there also was no relation-
ship between age and years smoked. It is conceivable that the amount smoked and
years smoked produce different pathophysiologic end results, but is more likely that the
ballistocardiographic amplitudes are a function of different parameters, or that some of
the associations are merely chance.

Table 111

Personal History Correlates of the BCG

Amplitudes
Varigble GF GH GI GJ GK GL GM HI HJ HK 1J

Age 046 087 -107 041 031 128 -094 001 -032 085 -016
Cig Amt 029 -046 =107 -093 -142 -002 -109 -100 -090 -116 =117

CigYears 137 105 -040 009 -027 110 -035 056 -103 067 -011




Durations (Table 1V)

Age related to an increase of DQIl and DQJ. In contrast, cigarette amount was
associated with shortened DQL, DHI, and DHL, and cigarette years was associated with
a shortened DHL, reaching significance only with the cigarette amount-DHL relation-
ship.

Table 1V

Personal History Correlates of the BCG

Durations

Variable DQG DQH DQI DQJ DQK DQL DPQ DGH DHI DHJ DHL DIJ DJK

Age 008 051 165 141 069 117 -036 051 086 103 096 053-046
Cig Amt =001 089 -050 -045 -063 -132 -083 068 -131-112-163 -018-039

Cig Years -010 096 030 -003 -087 -099 030 065 -073-075-133 -028-108

PHYSICAL EXAM

Amplitudes (Table V)

Of the variables investigated, the heart rate showed the most numerous and signif-
icant individual correlations with the BCG. Unexpectedly, the various parameters of
blood pressure did not show more meaningful relationships, but the range of blood
pressure was restricted by excluding individuals with hypertension. The mean biood
pressure for this population was 123 mm Hg systolic and 78 mm Hg diastolic, with
standard deviations of 10.0 and 7.2, respectively.

Diastolic blood pressure and arcus senilis showed no significant relationships and
systolic blood pressure none; therefore the former two are not shown in Tables V and VI,
An increased heart rate related to diminished GI, GK, and GM complexes but fo a
larger GF amplitude. From the general irend it appeared as though increased heart rate
tends fo increase the amplitude of positive deflections and decrease negative deflec-
tions. Pulse pressure was associated with an increase in HJ amplitude.




Table V

Physical Exam Correlates of the BCG

Amplitudes

Variable GF GH GI GJ GK GL GM HI HJ HK UJ

DRR -220 -123 334 -035 193 -122 197 111 081 018 121

Syst BP 028 013 040 063 115 024 103 035 080 077 065
Sup Bas

Pulse 021 001 106 096 100 -001 114 066 144 059 120
Press Sup

Durations (Table VI)

A number of durations, DQL, DPQ (ECG), DHI, DHJ, and DHL showed an
inverse relationship with heart rate; DQG and DQH were positively related to rate.
(Note that mean DQG, Table Il, is a negative number.) Pulse pressure was associated
with a decrease in DHI, but sysiolic blood pressure demonstrated no significant relation-

ships.
Table VI

Physical Exam Correlations of the BCG

Durations

Varioble DQG DQH DQ! DQJ DQK DQL DPQ DGH DHI DHJ DHL DIJ DJK

DRR 202 -223 017 039 105 193 281 071 242 208 277 OAl 094

Syst BP -027 -008 120-022 007 009 006 -039 -088 -018 009 063 029
Sup Bas

Pulse -021 074 -113-007 -033 =015 -110 035 -166 -064 -047 077 -034
Press Sup

10



LABORATORY

Amplitudes (Table VII)

No relationships were noted with the PBl, but blood glucose values after a 100~-gm
carbohydrate load were negatively related to the Gl amplitude. Triglyceride was asso-
ciated with an increase in GL. Values for GJ and 1J were diminished as serum choles-
terol increased. Vital capacity had significant relationships in a positive direction with
GK, and HK had a borderline relationship. Heart size as represented by the fransverse
diameter and cardiothoracic index showed no relationsips. Nonjunctional ST depression
was associated with an increase of Gl.

Durations (Table VII1)

DQH decreased with higher values of the two-hour glucose; DQG shortened, but
DGH lengthened with an increase of triglycerides; cholesterol had no significant effect
on the durations. Pulmonary functions demonstrated a number of relationships of high
magnitude with the durations: Vital capacity varied directly with the duration of DQH,
DQI, DQJ, DAX, DQL, DHL, DlJ, and DJK; inspiratory capacity with DQI, DQJ,
DQX, DQL, DPQ, DHL, and DJK; expiratory reserve with DQG, DQH, and DQJ,
The durations DQL, DPQ, and DHL lengthened with an increase in the transverse diam-
eter of the heart; maximum nonjunctional ST depression postexercise was associated with
a decrease in DQJ and DHJ,

ANTHROPOMETRY

Amplitudes (Table 1X)

Many borderline associations, especially with GM and HJ were not statistically
significant but did seem consistent and meaningful. Taller men hod lower amplifude of
GM and HJ while heavier individuals demonstrated smaller HJ and 1J complexes. Body
fat, lean body mass, and endomorphy were related inversely to HJ, but only endomorphy
reached significance, Endomorphs also tended to have less GI, GM, and IJ amplitudes;
mesomorphs had greater depth of GK and GM, while ectomorphs had a less pronounced
GK complex. The only significant relationship among the diameters was the greater
depth of GK with increased chest breadth.

1
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Durations (Table X)

Numerous striking associations with all anthropometric variables were apparent,
though to a lesser degree with somatotype. Height, weight, body fat, and lean body
mass were positively correlated with DQI, DQJ, DQK, DQL, DHJ, and DHL, with
the exceptions of body fat to DQK and height to DHJ., DQG, DQH, and DJK were
related to height and lean body mass; DHI related to weight; DPQ (ECG) and DIJ to
lean body mass; and DHI also related directly to body fat. Mesomorphs demonstrated
a longer DPQ (ECG) and DHI, whereas ectomorphs showed a decrease in DGH, DHI,
and DHJ but an increase in DQG, DQH, and DJK. Greater biacromial, chest
breadth, and anterior-posterior chest diameters correlated with longer DQI, DQJ, and
DGX.

Chest breadth and A-P diameter together related to DQL, DHJ, and DHL, but
only breadth to DHI and DJK, and A-P diameter to DIJ.

MULTIPLE CORRELATIONS

In order to predict how much of the ballistocardiographic variance could be
attributed to the variables investigated, a mulfiple regression analysis was completed
using the Wherry-Doolittle method (5).

The Wherry-Doolittle is an iterative technique which adds one predictor variable
to the regression equation on each iteration, recomputes the multiple correlation, and
tests the significance of the criterion variance added by the new predictor. The vari-
able selected on each iteration is the predictor which explains the greatest amount of
criterion variance independent of the variables already selected. The iterations con-
tinue until the F ratio for the significance of the criterion variance added by the
selected variable is less than or equal to 1,00,

In the 24 regression analyses, each of the 24 ballistocardiographic parameters
was employed as a criterion. For five amplitudes (GI, GK, HI, HJ, 1J) and ten
durations (DQG, DQH, DQI, DQJ, DX, DQL, DHI, DHJ, DHL, DJK) of the
ballistocardiogram more than 15 per cent of the variance could be attributed to the
25 variables used as predictors for each analysis, The cumulative multiple R's and Z
scores weights for each of these criteria are given in Appendix B.

AmEI itude

Multiple correlations for all criteria ranged from .523 with Gl as the criterion to
.337 for GM.

The most prevalent predictors for those variables in which greater than 15 per
cent of the variance is explained were, in descending order of frequency and rank:
heart rate, weight, endomorphy, body fat, blood glucose, pulse pressure, and chest
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breadth, Other critical variables included cholesterol, the best predictor of HI and 1J;
vital capacity, fourth ranking for GJ; and cigarette years and amount, fourth and fifth
ranking for HI,

Duration

With the exception of two multiple correlations DGH (R= ,317) and DIJ (R= .361),
all of the durations had more than 15 per cent variance explained, With DIJ the most
prevalent factors were, in descending order of frequency and rank: heart rate, age,
protein bound iodine, blood glucose, and height, Height appeared as the best pre-
dictor of five criteria (DQK, DJK, DQL, DQG, DQH) and second best for DHL; lean
body mass was the best predictor of DQJ and DQI while weight was the best for DHJ.
Other important variables were serum lipids, heart size, chest diameters, pulmonary
functions (V.C. and I.C.), systolic blood pressure, and pulse pressure.

DISCUSSION

Regarding the BCG, Rorvik (6) wrote, "Variability is considerable, fransition is
gradual, and sharp borders are difficult fo define." There is considerable overlap be-
tween healthy and diseased subjects, and little is known about exiracirculatory factors
which influence the BCG wave forms. To our knowledge there have been very few
attempts (7,8) to relate a number of biologic variables (body fat, weight, height, PBI,
blood glucose, et cetera) to BCG amplitudes, durations, or interpretations in either
healthy or abnormal subjects in a systematic fashion. Starr (9) stated that an ulira-low
frequency record with a light enough table essentially is not altered by the peculiar
anthropometry of the subject, but what factors do account for the variation in tracings,
other than the mechanical events of circulation? Several authors have mentioned
weight in discussing BCG systems (10-12), Foley (13) compared variations in patterns,
especially amplitude, between healthy, stocky men and their slender counterparts.
Much of the variation in the force BCG tracing has been related to myocardial strength
(12).

If there is a relationship between skeletal and cardiac muscle strength, as has
recently been postulated (14), would amplitude and duration of the BCG indirectly
relate to muscle strength as determined by a dynamometer? It seemed unlikely; yet the
information was available and was evaluated. (In this case there was no relationship
and coefficients are not presented here.) A more precise knowledge of any confounding
factors would enable a better interpretation of the individual record and ultimately
enhance diagnosis and clinical estimation of future events.,

No attempt has been made to further categorize either the population or the
variables studied, but rather to quantitatively assess their association insofar as possible,
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PERSONAL HISTORY

Age

Age has long been known as a determinant of the BCG wave form, A decreasing
amplitude of GI, HI, HJ, and |J with increasing age has been reported (4,14), It was
not surprising, however, to find a lack of correlation of age with these amplitudes with
our limited, group-age range; this finding was verified by multiple correlations in which
the only amplitude including age as a predictor was GI (Appendix B).

The positive relationship between increasing age and length of the period from
onset of Q to | seems fo indicate a decrease in the rate of completion of rapid ven-
tricular ejection (15). Increasing duration of Q to J peak with age points to a
lengthening of the time of ventricular ejection in general, which may be taken fo
represent a decrease in myocardial force of ejection or myocardial ejection efficiency
with advancing age, It is interesting that lean body mass and age account for more than
half of the explained variance for D QI and DQJ (Appendix B) since Scarborough et al,
(7) found no age relation with DQI and DQJ.

Smoking

It has been established that the BCG is altered by smoking only one cigarette in
older age groups and in those with coronary heart disease (16). Davis et al, mentioned
that GH is accentuated after smoking by patients with coronary heart disease (16).
Caccese and Schrager (17) noted "great changes" and "minor changes" in both normals
and in those with Buerger's disease or coronary heart disease. Their illustrations show
also a decrease in all amplitudes except GH (which increased) in a healthy male, and
similar results were shown in one with Buerger's disease. However, there are appar-
ently no previous reports on the possible effect of smoking habit on the BCG form.

Our study shows that cigarette smoking as measured by amount smoked per day
(CA) and years smoked (CY) correlated ,289 and .256, respectively, with heart rate
(DRR). Through influence on heart rate alone, therefore, smoking may modify wave
form. Only GK and DHL related to the amount smoked, though there were several
borderline associations with either amount or years smoked. Mechanical systole as
represented by DHL involves a shorter time period which may be explained by the ex-
pected shortening of ventricular systole with increased sympathetic stimulation,

Independently of heart rate, CY contributed to several of the 15 multiple corre-
lations considered, including HJ, DHJ, and DJK (Appendix B); both CA and CY were of
importance to the HI amplitude (Appendix B) which represents rapid left ventricular
ejection (3). It is notable that cigarette years influenced the BCG more than cigarette
amount, Cigarette years contributed positively to HI while cigarette amount contributed
negatively, 1J was shown by one-tail significance (-0.119) value to decrease with in-
creasing numbers of cigarettes per day, perhaps indicating a shori-term effect or a more
rapid build-up of nicotine effect on the heart and/or vasculature. Obviously, smoking
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may affect the cardiovascular functions in both acute and chronic fashion as indicated

by the BCG,
PHYSICAL EXAM

Blood Pressure and Pulse Pressure

Blood pressure would be expected fo influence the various waves of the BCG
insofar as it related to vascular diameter, heart rate, heart size, and cardiac ejection
of blood. The effect of increasing or decreasing blood pressure in the cardiac ejection
of blood has been studied by Starr indirectly (12) and by others (18),

As systolic, basal supine blood pressure increased, the period extending to the
end of rapid ventricular ejection (DQI) approached a significant reduction. This re-
lationship is confirmed by the selection of systolic blood pressure as a predictor for
D QI aofter lean body mass and age. In this group the sympathetic nervous system
possibly manifested its activity both by increasing blood pressure and the rate of systolic
ejection (14). Obviously, only rapid ejection was affected rather than DQL, the entire
period of systole.

Pulse pressure has been reported to be influential in determining the configuration
of the | wave by Morse (19); however, no correlation was found here with either Gl or
HI. Pulse pressure was a low order predictor for both criteria (Appendix B), which is in
agreement with Mihoczy who, at the First World Congress on Ballistocardiography and
Cardiovascular Dynamics, stated that results obtained from model studies do not always
correspond fo human hemodynamics (20), Of interest is the positive correlation of the
pulse pressure with the amplitudes which are related fo ventricular ejection, HJ and
IJ. Since the pulse pressure contributes fo these parameters known fo be related to
systolic stroke volume and force of cardiac contraction (21), serial ballistocardiographic
recordings and pulse pressures might be useful indices for change in stroke volume and
deterioration in myocardial force., The fact that HJ and 1J decreased as pulse pressure
dropped tends to support this argument since it is known that in myocardial failure these
variables do decrease. As pulse pressure increased, time for rapid ventricular ejection
decreased also, which is not unexpected in view of the relationships noted above,
probably indicating stronger force of myocardial ejection, within the normal range.

Heart Rate

Heart rate apparently is one of the most important detemminants of ballistocardio-
graphic wave form in a healthy group. The specific relationships have been given
previously. Scarborough et al. noted that at least four factors appeared to influence
the duration of the | and J waves: pulse rate, body size, age, and sex (7). They also
reported that duration of Q-K (D GK) was negatively correlated with pulse rate in men,
Our findings reveal a number of assertive ballistocardiographic correlations with heart
rate, the best over-all predictor of amplitude and duration; yet, DQK and DIJ were
not among them. There seems to be no acceptable explanation.
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LABORATORY FINDINGS

Thyroid Function

In this study the protein bound iodine (PBI) was used as a measure of thyroid status
to explore fo some degree the relationship of thyroid function to the BCG wave form.
PBI level contributed independently of heart rate to DQL, DQG, DQH, and DHL, as
indicated by multiple correlations (Appendix B), but otherwise did not relate to the
BCG.

In hyperthyroidism increased ballistocardiographic deflections are noted while the
reverse is said to be true of hypothyroidism. Our results indicate that the PBI within
the normal range apparently has such a small effect on wave form as to be safely ig-
nored,

Glucose Metabolism

It was interesting fo note that with higher two-hour post-prandial blood sugar,
the amplitude of G| decreased and HJ approached significance in the same direction.
Both of these changes, which have been related to the presence of coronary heart
disease (22), were corroborated by the multiple correlations,

It is known that an abnomal glucose folerance represents a late stage in the
natural history of diabetes (23). We might wonder whether, as a result of the vascular
complications of diabetes (24), BCG alterations as represented by decreased amplitudes
and increased time duration for the veniricular systolic waves, might be evident before
overt clinical manifestations,

Lipids and Lipoproteins

In the limited age range of our study group there was no age correlation with
triglycerides or cholesterol; related BCG differences were not a function of age but of
the lipid fractions which were highly correlated positively with each other, The risk
of high levels of serum lipids and coronary heart disease is well known (25); it is con~-
ceivable that the low GJ, 1J, and HJ amplitudes (borderline significance) were all
related to the increased cholesterol level as manifestations of coronary heart disease,
These findings are further corroborated by the selection of cholesterol as the best pre-
dictor of IJ and second best of HJ. Though cholesterol was not selected for GJ, it also
was the best predictor for HI. The increase in amplitude of GL was perhaps the result
of increasing rigidity in vasculature due to higher triglyceride levels, but if so, why do
cholesterol and glucose not have a similar relationship? Despite the complexities of
lipid and carbohydrate metabolism it must be remembered that, by the sheer magnitude
of numbers, there may be spurious correlations. These variations if valid are undoubted-
ly due to long-term effecis rather than changes secondary to transient elevation ofblood
lipids (26). We did not find that cholesterol level and ballistocardiographic wave
form were unrelated, as has been reported (26),
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A previous study (27) of individuals in the 40 - 79-year age group revealed
serum lipids and/or protein abnormalities were higher in healthy subjects with abnormal
ballistocardiograms than in those with normal records, However, age dependence of
both variables could not be excluded, and only a tentative conclusion that abnormal-
ities of the ballistocardiogram relate fo serum protein and lipoprotein could be made.
Engelberg (8) found a "suggestive relationship™ between the degree of ballistocardio-
graphic abnormality and elevation of serum lipids, especially in those under age 50,
but statistical significance was not reported and could not be determined, Since
elevated lipid levels were positively related to an enhanced risk of developing coro-
nary heart disease, these alterations of GJ, HJ, and IJ which we have noted may be
additional harbingers of clinical coronary hear’r disease,

Pulmonary Function Studies

GK and HK were the only amplitudes related to pulmonary function, and these
varied only with increasing levels of vital capacity; GK became more negative and
HK increased in amplitude., Vital capacity, and inspiratory capacity to a lesser extent,
seemed to have a significant positive correlation with the duration of all ventricular
systolic segments, i.e., longer systolic ejection period. This relationship is not so
apparent in the multiple correlations, and may be an indirect association,

Though respiratory maneuvers cerfainly alter the ballistocardiogram, it was not
anticipated that there would be a strong relationship in this healthy group since grossly
abnormal results in respiratory function studies led to removal of that individual from
our group, and since the contribution of the right heart, which ordinarily is affected by
lung disease, to the BCG wave form is thought to be much less than that from the left
side (9). Why time from onset of the elecirical systole to the onset of mechanical ejec-
tion was prolonged is not immediately evident unless it is related to increased vagal
tone associated in some way with increased vital capacity.

X-ray and Exercise Electrocardiogram

The relationships between heart size represented by transverse diameter and
cardiothoracic index and myocardial strength as reflected by the amplitude of the accel-
eration curve were not remarkable, Cardiothoracic index ranked low as a predictor for
several BCG durations; transverse heart diameter correlated directly with duration of
ventricular systole, DQL. There was a strong association with decreased heart rate, and
this may be responsible for the relationship. Maximum nonjunctional ST depression after
exercise related directly only to Gl amplitude, but was associated with shortened DQJ
and DHJ,

ANTHROPOMETRY

Height

Height of the individual who is placed on the BCG bed should affect the technique
of recording since the patient must be maneuvered to a position such that the bed floaits
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on air without any other contact (i.e., center of gravity must be directly above the air
support), Once this is accomplished, what is the effect of variation in height? Height
was the best predictor of DQK, DJK, DQG, DQH, and DQL., We found in our age
range no height relationship with I, J, or K amplitudes, Recent studies (19,28) have
shown that vasculature has great effect on the wave form. It would seem that differ—
ences in the length of the vascular system, as measured indirectly by height, would
bring about differences in the deflections. In fact, a significant relationship between
height and duration of the systolic complexes has been described (7). Scarborough's
suggestion that this is dependent on the length of the aorta seems reasonable since dura-
tion of QK is reported to be dependent on time from onset of cardiac excitation to im-
pingement of blood flow on the bifurcation of the aorta,

Weight

The influence of weight was not unexpected in view of the fact that acceleration
is related to force and mass (7). HJ and |J were significantly negatively correlated
with weight,

As noted previously, the changing ballistocardiographic standardization deflec-
tion as a function of weight using our apparatus is shown in Appendix A, Figure A2,
Obviously, the subject's weight should be known for BCG interpretations, Prolonged
duration of mechanical sysiole in the BCG may reflect fo a large extent the difficulty
in overcoming the inertia of an increasingly large mass. Several items inversely corre-
lated to weight were those which have previously been similarly associated with car-
diovascular aging, specifically, amplitudes HJ and 1J (4). Perhaps these relationships
are not entirely inertial, but are related to early cardiovascular aging, higher body
weight being associated with decreased myocardial strength, Scarborough et al, found
no correlation of weight in man with 1, J, or K amplitudes (7). However, our group
differs from theirs in that the age range was not the same, and the people involved in
their study were not aviators or former aviators.

Body size is related fo body fat and lean body mass as components of weight, and
more meaningful relationships might be expected from these parameters. Body fat and
lean body mass were both significantly positively correlated to DQI, DQJ, DQL, DHI,
and DHL,

Body fat and lean body mass would readily contribute to the wave form since the
body would be assumed, no matter how tightly bound to the bed, to move in relation to
the bed, varying somewhat with the amount of adipose tissue between the heart and
bed (28), That both of these correlated in the same direction with the above durations
may at first glance seem remarkable since they would appear fo be divergent factors,

It may be possible fo explain these relations, however, on the basis that as body fat
increases, so generally does weight and as weight increases, so do these durations,
People with larger lean body mass may be in better physical "shape" with greater vagal
tone and resultant prolongation of systolic durations. However, since weight, body fat,
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and lean body mass were all highly correlated with each other (all greater than ,399),
it seems more likely that weight is the primary factor involved here,

Body fat and lean body mass approached a significant inverse relationship with
only one cmplifude, HJ. The definite correlation of HJ with weight and endomorphy, -
similar factors, all in the same direction, indicates the possible relahonshlp of these
variables to some factor intrinsic to all,

Somatotype, by virtue of weight, distribution of fat, and variation in center of
gravity, would likewise be expected to have an effect on wave form and duration of
portions of the BCG, If has been noted that presence or absence of limbs will influence
a tracing such that, in those without legs, amplitudes will be larger (29). Many factors
peculiar to a given somatotype might be reflected in the hemodynamics of cardiac
ejection., Ectomorphs demonstrated the most significant associations, frequently opposite
to mesomorphs in items mutually influenced. While these relationships are of interest,
an explanation of the relationships is probably not possible in view of the multiplicity
of factors involved, It does seem strange that there were so few opposite effects when
comparing endomorphic subjects with ectomorphic ones.

Diameters of the upper thorax related to amplitudes and durations also were
thought to offer unique information because of the partial dependence of the configu-
ration of the heart and major vessels on the anatomical structure of the chest cavity,
Chest breadth was related to duration of ventricular systole in such a fashion that
systolic durations increased as the chest widened, and the same was true of increasing
A-P diameter, Biacromial diameter was similarly related to systolic durations, Other
than GK, the importance of the diameters is reflected in the numerous correlations
with duration rather than amplitudes. Their predictive capabilities are manifest in the
H and J waves, namely, HJ, DQJ, DHJ, and DHI,

The availability of a large number of variables made it possible to delineate those
human factors which contribute to ballistocardiographic acceleration wave formation.
Attempts were made to explain some of these relationships on a physiologic basis, not
to prove cause and effect, but only to emphasize areas where this information seemed to
suggest the necessity of more extensive evaluation. |t appeared that relationships of
BCG wave forms to ventricular pressures (30), stroke volume, cardiac output, rate of
ventricular ejection, dortic flow, and other similar measures should be evaluated as
well as the relation of these items to physical, clinical, and laboratory determinations
so that interrelationships may be determined. This would be expected fo increase the
value of the BCG in the clinical and experimental situation. Until such studies are
complete, it seems that the knowledge that multiple factors appear to alter the BCG
wave form in varying degrees suggests caution in the quantitative use of the BCG stand-
ards derived from groups in determining such things as stroke volume, among others,

The results of this study seemed to indicate that use of serial BCG's will be necessary
for determining individual cardiovascular status, [t is hoped that consideration of these
numerous relationships will lead to a more meaningful BCG interpretation and conse-
quently to its greater use.

23




REFERENCES

Obeman, A., Mitchell, R.E., and Graybiel, A., Thousand aviator study:
Methodology. Monograph 11, Pensacola, Fla.: Naval School of Aviation
Medicine, 1965,

Obeman, A., Lane, N.A., Mitchell, R.E., and Graybiel, A., The thousand
aviator study. Distributions and intercorrelations of selected variables.
Monograph 12, Pensacola, Fla.: Naval Aerospace Medical Institute, 1965,

Capron, P., A tentative interpretation of ballistocardiograms according to the
Blomberger type synchrone signals. In: Abstracts of First World Congress on
Bal listocardiography and Cardiovascular Dynamics. Amsterdam, April 1965,

Moss, A.J., Ballistocardiographic evaluation of the cardiovascular aging process.
Circulation, 23:434-451, 1961,

Wherry, R.J., Sr., Test selection: In: Stead, W.H., Shartle, L.L., etal. (Eds.),
Occupational Counseling Techniques. New York: American Book, 1940,
P 245,

Rorvik, K., Apexcardiography, phonocardiography and ballistocardiography -
their diagnostic and prognostic significance in coronary heart disease. Acta
Med. Scand., 174: Suppl. 404, 1963.

Scarborough, W.R., Davis, F.W., Jr., Baker, B.M., Mason, R.E., Singewald,
M.1., lore, S.A., and Fox, L.M., A ballistocardiographic study of 369 ~
apparently normal persons. Amer. Heart J., 45:161-189, 1953,

8. Engelberg, H., Correlation between serum lipids and resting and exercise ballis-

tocardiograms. Amer. J. Cardiol., 3:242-246, 1959.

9. Starr, 1., The relation of the ballistocardiogram to cardiac function. Amer, J.

Cardiol., 2:737-747, 1958,

10, Rappaport, M.B., Sprague, H.B., and Thompson, W.B., Ballistocardiography.

I. Physical considerations. Circulation, 7:229-246, 1953.

11. Tannenbaum, O., Vesell, H., and Schack, J.A., Relationship of the natural body

damping and body frequency fo the ballistocardiogram. Circulation, 13:404-
409, 1956.

12, Starr, I., Progress towards a physiological cardiology - A second essay on the

ballistocardiogram, Ann, Int. Med., 63:1079-1105, 1965.

24



13.

. 14,

15.

16.

17.

18.

19.

20,

21,

22,

23.

24,

Foley, R.E., Clinical use of the ballistocardiograph. Preliminary report, Lahey
Clin. Bull., 8:109-115, 1953.

Holloszy, J.O., Skinner, J.S., Berry, A.J., and Curefon, T.K., Effect of
physical conditioning on cardiovascular function. A ballistocardiographic
study. Amer. J. Cardiol., 14:761-770, 1964,

Reeves, T.J., Hefner, L.L., Jones, W.B., and Sparks, J.E., Wide frequency
range force ballistocardiogram. lis correlation with cardiovascular dynamics,
Circulation, 16:43-53, 1957.

Davis, F.W., The role of the ballistocardiograph in the diagnosis and management
of patients with coronary disease. Stress tests and the cigarette test. Amer,
J. Cardiol., 3:103-110, 1959.

Caccese, A., and Schrager, A., The effects of cigarette smoking on the ballisto-
cardiogram. Amer, Heart J., 42:589-596, 1951.

Roehin, D.C., Kory, R.C., and Meneely, G.R., Responses of the ballistocardio-
gram in hypertensive patients fo the acute administration of apresoline, hexa-

methonium, veratrone, regitine, and sodium amytal. Circulation, 7:329-336,
1953.

Morse, R.L., A data processing system for the ballistocardiogram. NSAM-915,
Pensacola, Florida: Naval School of Aviation Medicine, 1965,

Mihoczy, L., Clinical significance of qualitative BKG. In: Abstracts of First
World Congress on Ballistocardiography and Cardiovascular Dynamics, Amster-
dam, April 1965,

Hollis, W.J., Systolic I-J acceleration force values of normal males from a
Nickerson type of ultralow-frequency ballistocardiographic system., Amer,
Heart J., 61:525-530, 1961,

Moss, A.J., Ischemic heart disease and accelerated cardiovascular aging. A
ballistocardiographic study. Circulation, 25:369-375, 1962,

Pozefskly, T., Colker, J.L., Langs, H.M., and Andres, R., The cortisone-
glucose tolerance test. The influence of age on performance. Ann. Int. Med.,
63:988-1000, 1965,

Ostrander, L.D., Jr., Frances, T., Jr., Hayner, N.S., Kjelsberg, M.O., and
Epstein, F.H., The relationship of cardiovascular disease to hyperglycemia.
Ann, Int. Med., 62:1188-1198, 1965,




25,

26,

27,

23,

29,

Epstein, F.H., The epidemiology of coronary heart disease - A review. J. Chron,
Dis., 18:735-774, 1965,

Malt, R,A., and Harlan, W.R., Jr., Cardiac function during lipemia, A study
in force ballistocardiography. Amer. J. Med, Sc., 235:143-147, 1958,

Scarborough, W.R., Smith, E,W,, and Baker, B.M., Studies on subjects with
and without coronary heart disease, Serum lipid, lipoprotein, and protein
determinations and their relation to ballistocardiographic findings (a prelimi-
nary survey). Amer, Heart J., 59:19-35, 1960,

Noordergraaf, A., Further studies on a theory of the ballistocardiogram, Circu-
lation, 23:413-425, 1961,

Honig, C.R., and Tenney, S.M., Influence of the limbs on the ballistocardiogram,
Amer, Heart J., 54:678-683, 1957.

Corbascio, N., Smith, N, Ty, and Paley, W,, Simultaneous registration of infra-
cardiac pressures and ULF-BCG in normal conscious man, In: Abstracts of

First World Congress on Ballistocardiography and Cardiovascular Dynamics.
Amsterdam, April 1965,

26



000 v60 L¥0 LLZT 80C Zve 140 18Z €61 GOl 6E0 LlO €22-20C 1ZlL 8LO 180 LLL L6l ¢cCl- €6l SE0-¥6€ €ZI- 022- WA
E6l 145 GSE 6C6 O¢v 66l 991 LTI 000 4S8 2ZES SE¥ 8BSl GEO 8lL-G/Z 68C-6€0 E€E€€- L6 £8T 160-Zll-2¥l 0TL 104
Zve 180 Sll- Z¥y vp9 000 €40~ &ly 661 SZL Ll €6€ 0L9- GBE V00 €S0 Z¥O-¥E0 0Z0 OLO0- £SO 800~ €20 £Z0 0Z0- IHA
¢0C 450 L1O0 09¢ T6T S8 8LL 9S€ GEO 890~ 961~ 94Z- ¥09- 000 920- ZEO 801-8E0 8Z0 180- ZEL <Cll-62l 950- 880- SOC
80Z G80-5989 2SS 000 ¥¥9 640 ¥6€ 0Ty 89y V2L GEE ¥9E~ 26Z 6T0-T6L 160-€T0 2Z9L- E€¥l 60Z LOO ZL0-€60 85O fHa
Ilv0 061-000 68¢ S89 Sll- ¥l SlI  SSE Oby 208 ¥90 /91 {10 6£0- 861 840-000 £ZZ- v6L Sl Ll0 8LL-960 %40 ra
SOL ¥89 Oy 9LL 89% S4Z1L 190 VOl £S8 000 €09 ¥vy 06l 890- ¥¥l-8SZ 8ZE-620 8EE- 80E Z¥Z LOL-Evi-¥S1 Lyl MOA
L¢l  880- 6E0- ¥80- 620- Y00 SOL~ 680~ 8lL- ¥¥i- L60- ¥LL- T60- 920- 000 G6G €L 648 SlT 0TE 6S¢ Llé €l1Z 185 ZIS ri
180 1£Z- 8/0- 192~ L60- Tv0- 68l- E¥l- 68Z- 8ZE- vvl- Z¥l- GZ0- 80L- LEL G60 000 ZIE 0ZE El0-EEL S89 48y +20 9+l (H
8l0 EEL 86l €92 c6l €50 8GO0 000 GZZ 8ST TOCT 640 0ZO LEO G6S 000 S60 19Z 9LL- TT9 L¥9 8G9 8ZT 918 L9 JH
[Ll 890 000 990 €20 #€0 V10~ GCO- 6E0 620 HEO- 090~ 9L0~ 8EQ 648 19L LIE 000 ¥Z0 SSv 89 88Z 649 l6L 019 iH
18 6£0 SlI LLZ ¥6€ 61y OEL 000 £ZI VOL G60 0OCO ZO¥- 9S€ 680- 000 £¥1-S20- S00- €¥0- G60 Z¥l-L¥0 [£0- 8Il- A
LLT 909 68T 000 IS5 Zvy €Sl LLZ  6C6 9QLL SBE VLT LIT- 092 V8O- €9Z 192-590 99Z- 8lE L6Z 680- 8€0- 8Ll £90 THA
60 000 06l- 909 S80- [80 610- 660 145 ¥89 691- Ly0- 60L- £SO 880- €EL 1£Z-890 TSL- SLL Lyl €€L-£Z0 £L90 LZO Ara
1Z0 610-¥¥l €Sl 640 €¥0- 000 OEl 99L 190 20t GlO- 0E0 8ZZ SOL- 850 &8l-¥10~ 660- 950 SEL 9¥l- 600 £2Z0- Z00- HOA
660 691-¢08 GB8E VCL Lvl TOL S60 TZES €09 000 9v9 LLE 9G1- £60- 20T bvl-vEO- 68Z- 68C €41 100 1ZZ-€€1 651 roa
Z10 1¥0-¥90 VLT GEE €6€ GlO- 020 SEV ¥¥y 9¥9 000 8ly 94Z- vll-6L0 Z¥l- 090- ¥61- ¥EZ 800 €20- 61Z- 860 €l 1©a
€CC- 60L- £L91 L1T- ¥9€- 0L9~ 0EO0 ¢CO¥V- 8S1 06l LLE 8l¥ 000 ¥09-260- 020 SZ0-9L0- 9LL- LOZ OFO- 800- ¥61- LS50 LEI HOQ
L61- TSl LZT 992 T9L 0Z0- 660 SO0 E€EE BEE 68T ¥6L 9LL 8C0-Gle- 9Ll 0ZE-¥Z0- 000 68E 0Tl LEO-TZy €V  6S¢ WO
L~ Sll 6l 8lE E¥L O0l0- 950 €¥0~ L6E 80E 687 #6Z 102 180-0Z€ ¢T9 €10-SS¥ 68E- 000 ¥yl ¥0S TEL-S0L 8/Z 190
€61~ Lyl-G12- L6Z- 60T~ LSO~ SEL- G60~ LBZ- THZ- €LL- 800~ OO LEL- 6ST- L¥9-€E1-89C- 0ZL ¥¥l- 000 ISL- 62 £80- O¥%0- AD
GE0- €€1- £10 680- Z00 800- 9¥l- Lvl- 160~ LOl- 100 €Z0- 800- ZlLl- Ll6 859 689 884 LE0 ¥0S ISl 000 29€ S¥.L SlIZ o
vEE- LZ0- 8L1 8E0 L0 €20- 600- Z¥O- <CIL E€¥l 12T 6lT V61 6ZL-ClL- 8ZT-68Y-6¥9- 2TV CEL 6TE T9E- 000 8O- 9S50 19
€21- £90 960 8Ll €60 ZzO LZO- 1L0- T¥L ¥SL €EL 860 LSO 950- L8S 9L8 +20 LéL E€¥Z- SOL L80 SvL 8Y0 000 L8 HO
0z~ £20 ¥60 L90 8G0 0Z0- 200- 8ll- o0zl L¥l 6SL €vl LEL 880-2IS 1Z9 9l OL9 65Z- 84L OV0 SlLZ 9S0-/¥8 000- 10
A Afa 1d THA fHA IHG HOA ©dd 704 04 od 10 HOQ 904d 1 dH fH IH WO 19 X9 MM 19 HO 19

sopny)|dwy pup suoyoing “s9App\ 21ydpiBoipip20ysI||Og JO SUOKD|DLI00IB}U]

IV 8j9pL




ydpiBoipipooysi|jog uoisuadsng 1y aopdg- ouysy

LV @unbiy




*(G X) uoypNUBYD AwDs By} 4o ainpedoud uoyDZIPIOpUDys Buunp
(spunod Gyz-001) Peq 410 8y O UOKHIPPD 4yBIam 4O 499445 By} sejoysn||l ainby siy)

v onbiy

SANNOd G¥¢ SANNOd 00¢

TTT T T
MHW\ % 1 ul +
i +
¥ H
—TH HHH
8 e
T nwe a1
H+H L
: 1T H . r 3 ! i 8 A XY L2
aase - gy
- H 135 355 4 Sq8E:
1 guss onbee
T 1
T t iIngws
T3 T ]
S St :
e B " fad bl
T Tt T > 1 o
T e
= T f H P
m
HH
=
T
s : ) : H
HHHH HHH »: 287 o8 H T . . e . v I nens
- H 3 " B » HH
" It H am= suae,
He H H H s H H H wuue
awl H (] . e » . H HHEH
yue ol
ya )
T
1 I
4 1




APPENDIX B
MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF

BALLISTOCARDIOGRAPHIC VARIANCE




MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF BALLISTOCARDIOGRAPHIC VARIANCE

TABLE B-1

CRITERION GI

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
AVERAGE DRR Oe334 D363
WEIGHT LBS 04370 ~0e411
GLUCOSE 2 HR PP 0393 -0e179
BODY FAT 04426 0450
ENDOMORPHY 0.475 ~0e309
AGE 04496 -0e140
MAX ST AFT EX 0508 04099
CHEST BREADTH 0e516 0el47
PULSE PRESS SuP 04523 0.086

TABLE B-2

CRITERION GK

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
AVERAGE DRR 0.193 0e165
ECTOMORPHY 0.240 ~0e349
ENDOMORPHY 0.282 ~04303
VITAL CAPACITY 0+312 0141
SYST BP SUP BAS 04340 06129
ME SOMORPHY 0+354 -0e202
CHEST A-P DIAM 0.371 0177
CHEST BREADTH 0.381 0e166
WEIGHT LBS 0.389 -0,171
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MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF BALLISTOCARDIOGRAPHIC VARIANCE

TABLE B-3

CRITERION HI

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
CHOLESTEROL 0.118 -0¢129
AVERAGE DRR 0160 0.153
CAL TRIGLY 0,188 00128
CIG YEARS 0.211 0.186
CIG AMT 0.251 ~-0e107
WEIGHT LBS 0e267 —-0e394
BODY FAT 0.318 0e440
ENDOMORPHY 04347 -0.183
VITAL CAPACITY 0.365 0102
GLUCOSE 2 HR PP 0.376 -0.108
PULSE PRESS SuP 0.382 0076
CHEST BREADTH 0.389 OelO4

TABLE B-4

CRITERION HJ

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
WEIGHT LBS 0.205 -0.207
CHOLESTEROL 0.257 0077
CHEST A-P DIAM 0.288 04223
PULSE PRESS SuP 0.313 0107
GLUCOSE 2 HR PP 0.333 -0.129
AVERAGE DRR 0.351 O.118
ENDOMORPHY 0.361 -0s432
BODY FAT 0.378 00185
ME SOMORPHY 0390 -06279
ECTOMORPHY 0.399 -0+180
MAX ST AFT EX 0e407 0.103
TRANS DIAM HT 0.415 -0.102
CIG YEARS 0e423 ~0.083
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MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF BALLISTOCARDIOGRAPHIC VARIANCE

TABLE B-5

CRITERION 11U

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
CHOLESTEROL 00153 -0.138
WEIGHT LBS 0.219 ~0eb464
BODY FATY 0+261 0ets24
ENDOMORPHY 0.310 ~04283
AVERAGE DRR 0e346 Oel44
GLUCOSE 2z HR PP 00369 ~0e137
PULSE PRESS SUP 0.381 00120
CAL TRIGLY 0393 0+087
VITAL CAPACITY 04405 Oelés
BIACROMIAL DIAM 0411 -0,135
CHEST BREADTH Oek421 0e153
MAX ST AFT EX 06427 0086
CHEST A-P DIAM 0,433 0.104

TABLE B-6

CRITERION DQG

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
HEIGHT STANDING 04256 04046
AVERAGE DRR 04325 0.230
CAL TRIGLY 0.378 0+184
PBI 0392 0e111
ECTOMORPHY Qo404 ~0.286
WEIGHT LBS 0413 -0e274
EXPIR RESERVE Oel24 ~04105
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MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF BALLISTOCARDIOGRAPHIC VARIANCE

TABLE B-7

CRITERION DQH

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
HEIGHT STANDING Oe247 0.212
AVERAGE DRR 0.332 -0.261
EXPIR RESERVE 0364 0e116
GLUCOSE 2HR PP 0.376 -0.098
PBI 0386 ~00090
AGE 04395 0.088
PULSE PRESS SuUP 0403 0.183
SYST BP SUP BAS 0e4l15 -0e142

TABLE B-8

CRITERION DQI

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
LEAN BODY MASS 04336 0.313
AGE 0378 0,183
SYST BP SUP BAS 0e406 ~-0e122
CHOLESTEROL 0413 0126
CAL TRIGLY 0e422 -0.106
CHEST A-P DIAM 0430 0.100
CARDIOTHOR INDX 0e437 -0,092
PBI 0.443 ‘0.070



MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF BALLISTOCARDIOGRAPHIC VARIANCE!

TABLE B-9

CRITERION DQJ

PREDICTOR CUMULATIVE MULTIPLE R 2 SCORE WEIGHTS
LEAN BODY MASS 0.310 0296
AGE Oe345 0.154
CHEST A-P DIAM 0368 0.151
CHEST BREADTH 04397 -0.209
MAX ST AFT EX 0es12 -0s120
VITAL CAPACITY 0.423 0e635
INSPIR CAPACITY 0e432 ~0e447
EXPIR RESERVE 06443 ~-0e332
BODY FAT 0el49 0.109

TABLE B-10

CRITERION DQK

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
HEIGHT STANDING 0.389 0e324
VITAL CAPACITY 0e413 0.233
CARDIOTHOR INDX 04432 0.129
AGE Oslttt4s 0.101
CHEST BREADTH 0.451 0e142
BIACROMIAL DIAM 0,460 -0.124
PII 0466 0.073
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MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF BALLISTOCARDIOGRAPHIC VARIANCE

TABLE B-11

CRITERION DQL+DHL

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
HEIGHT STANDING 0.283 0269
AVERAGE DRR Oe344 0.178
AGE 04371 0.126
PBI 0.393 0e129
BODY FAT 0.408 0.131
GLUCOSE 2 HR PP 0e421 ~0.101
CAL TRIGLY 0.430 0e.084
VITAL CAPACITY 0e437 0e173
CARDIOTHOR INDX 0e445 0.109
BIACROMIAL DIAM 0e452 -0.103

TABLE B-12

CRITERION DPQ

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
AVERAGE DRR 0.281 0325
WEIGHT LBS 0e341 0e237
MAX ST AFT EX 0e362 -0e4125
CIG YEARS 00382 00139
CHEST A-P DIAM 04399 -00195
INSPIR CAPACITY 0.410 Oelll
GLUCOSE 2 HR PP 0e417 0070
PULSE PRESS suP 0e425 -0+241
SYST BP SUP BAS Oe&51 0220
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MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF BALLISTOCARDIOGRAPHIC VARIANCE

TABLE B-13

CRITERION DHI

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
AVERAGE DRR 0.242 00231
CHEST BREADTH 0e321 0,183
PULSE PRESS SuP 0e354 ~0e134
ECTOMORPHY 0.388 -0e141
GLUCOSE 2 HR PP 0.388 0094
AGE 04399 0.091
TRANS DIAM HT 0e406 ~0.101
CHOLESTEROL Os412 0,072

TABLE B-14

CRITERION DHJ

PREDICTOR CUMULATIVE MULTIPLE R 2 SCORE WEIGHTS
CHEST A-P DIAM 0,223 0¢104
AVERAGE DRR 0e295 0,211
MAX ST AFT EX 0331 ~0¢140
PBI 0¢352 Oe.118
BODY FAT 04369 0.151
AGE 0e378 0093
VITAL CAPACITY 0.389 04094
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MULTIPLE REGRESSION ANALYSIS FOR PREDICTION OF BALLISTOCARDIOGRAPHIC VARIANCE

TABLE B-15

CRITERION DHL

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
AVERAGE DRR 0.277 0.302
HEIGHT STANDING 04335 0el64
PBI 0e373 04160
BODY FAT 0397 06119
AGE 0.408 0e094
CAL TRIGLY 0e419 0.116
INSPIR CAPACITY 0428 0.088
GLUCOSE 2 HR PP 0.435 -0.080

TABLE B-16

CRITERION DJK

PREDICTOR CUMULATIVE MULTIPLE R Z SCORE WEIGHTS
HEIGHT STANDING 04266 0.486
CHEST A-P DIAM 0.289 -0130
CHEST BREADTH 0e320 0358
LEAN BODY MASS 0e346 -0e116
CIG YEARS 0e369 -0e110
CAL TRIGLY 0.380 0+106
GLUCOSE 2 HR PP 0.393 -0.101
AVERAGE DRR 04400 0.082
WEIGHT LBS 0407 -0.289
EXPIR RESERVE 0417 -0el64
BIACROMIAL DIAM O.424 -0e156
SYST BP SUP BAS 0.430 04071
VITAL CAPACITY 0.437 0.164
CARDIOTHOR INDX Oebbts 0.092

B-8



Unclassified

Security Classification

DOCUMENT CONTROL DATA-R&D

sSecurity classification of title, body of ahstract and indexing annotation must be entered when the overall report is classified)
1. ORIGINATING ACTIVITY (Corporate author) 2a8. REPORT SECURITY CLASSIFICATION
Naval Aerospace Medical Institute Unclassified
Naval Aerospace Medical Center 2b. GROUP
Pensacola, Florida 32512

3. REPORT TITLE

Factors Contributing to the Ballistocardiographic Wave Form in Healthy Middle Agesl Males

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

5. AUTHORIS) (First name, middle initial, last name)

Jackson, David H,, LT MC USN, Oberman, Albert, M.D., Mitchell, Robert E,, CAPT MC
USN, and Graybiel, Ashton, M.D.

6. REPORT DATE 7&8. TOTAL NO. OF PAGES 7b. NO. OF REFS
19 May 1966
Ba. CONTRACT OR GRANT NO. 98. ORIGINATOR'S REPORT NUMBER(S)
NASA Order R-136 NAMI-966

b, PROJECT NO.

c. 9b. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)
L 12

10. DISTRIBUTION STATEMENT

Distribution of this document is unlimited

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Joint Report with NASA and
U. S. Public Health Service

13. ABSTRACT

The availability of a large number of variables derived from clinical and laboratory evaluations
of 200 middle aged males made it possible fo relate them statistically to the BCG waves. Numerous
significant correlations were found and these are discussed. |t appears that, until the factors and
their interrelationships are more precisely evaluated, the strictly quantitative use of BCG standards
derived from groups to determine such things as stroke volume, among others, must be regarded with
caution, The results seem fo indicate that serial BCG's will be necessary for complete evaluation
of an individual's cardiovascular status,

DD o 1473 (PAGE 1) Unclassified

S/N 0101-807-6801 Security Classification




Unclassified

Security Classification

vs v wonos LINK & LINK B LINK C
moLe] wr | more] wr | roLe] wr
Ballistocardiogram
Aviation medicine
Cardiology
Aging
DD "%5.1473 teack) Unclassified

(PAGE 2)

Security Classification




